The essential oil was extracted from the seeds of Heracleum rigens by hydrodistillation and a total of twenty compounds accounting for 98.5% of the total oil composition were identified. Physicochemical properties and chemical composition of the oil was determined by a combination GC/FID and GC/MS analysis. The major compounds identified were bornyl acetate (51.2%), α-pinene (22.6%), limonene (9.62%), octyl acetate (3.94%), p-cymene (2.85%) and γ-terpinene (1.93%). The antimicrobial activity of the oil was screened by the disc diffusion method against nine pathogenic bacterial strains. Maximum antimicrobial activity was noted against Klebsiella pneumonia and Bacillus subtillis. This investigation corroborates the traditional claim of H. rigens as an effective antimicrobial agent.
The hydrodistillation of the mature seeds of H. rigens yielded 3.5 -4% (v/w) of pale yellow colored essential oil with a very pleasant aroma. The physicochemical properties of the seed oil are presented in Table I . The specific gravity was 0.997 which is less than water, while the refractive index of 1.425 showed that it is not as thick as most drying oils whose refractive index range between 1.475 and 1.485 [7] . The iodine value ranged between 56-60 mg. Since the iodine value of H. rigens is below 100 mg it is categorized as non-drying oil. The iodine value is also an index for assessing the ability of the oil to go rancid. The low iodine values indicate that the oil contains a lower level of unsaturated fatty acids [8] .
The saponification value was 226-228 mg. The higher saponification value suggests that the oil contains lower level of unsaponifiable matter and minor constituents such as cholesterol, hence can be used as component of drug and as antioxidant agents. This also indicates that the oils can be used in soap making and cosmetic industry [9] . Acid value of the seed oil ranged between 2.2 -2.8 mg. Since the recommended codex for the virgin and non-virgin edible fats and oils falls between 0.6 and 10 mg, this suggests its edible nature [8] .
The chemical composition of H. rigens seed oil is presented in Table II . The oil yield in seeds was in the range of 3.5 to 4%. The combination of GC/FID and GC/MS analysis of oil sample revealed the presence of twenty different compounds accounting for about 98.51 % of the total oil. The oil is dominated by oxygenated monoterpene hydrocarbons representing 58.17 %, where the major components were bornyl acetate, octyl acetate and geranyl acetate. Monoterpene hydrocarbons accounted for 36.94 %, majority of which were α-pinene, limonene and γ-terpinene. p-Cymene was the only phenolic compound identified, while oxygenated aliphatic hydrocarbons and sequiterpene hydrocarbons were present in trace amounts. Components such as limonene, octyl acetate, bornyl acetate were also reported from the oils of H. candolleanum and H. siamicum [5, 6] The results of antimicrobial activity are presented in Conversely Escherichia coli ATCC 25922, E. coli NCIM 2931 and Pseudomonas aeruginosa ATCC 227853 indicated resistance to the oil. All organisms were susceptible to the positive control Gentamicin at a concentration of 10 μg/disc. Antimicrobial assay reveals that, H. rigens oils showed a significant inhibitory activity against Gram-positive bacteria S. aureus and B. subtillis. S. aureus was not sensitive to the oils of H. pasticacifolium, H. persicum and H. transcaucasicum [13] , while H. siamicum revealed intermediate activity [6] . Further, the same strain showed susceptible activity against the oil of H. rechnigeri [11] . In the present study the oil of H. rigens exhibited significant activity against S. aureus and is categorized as intermediate. H. rigens oil showed significantly higher activity against B. subtilis. While reports of the antimicrobial activity of the essential oils from [6, 13] . E. coli and P. aeruginosa were not sensitive to H. rigens oil, which was similar to that of H. siamicum oil activity [6] .This demonstrates that the H. rigens oil is more active against Gram-positive bacteria.
It has been reported that terpenes like bornyl acetate, limonene, α-pinene and others are known to have significant antimicrobial properties [14] [15] [16] . Therefore the significant antimicrobial activity recorded in H. rigens seed oil may be attributed to the presence of higher levels of terpenes such as bornyl acetate, limonene, α-pinene and other terpenes. The mechanism of action of terpenes is likely to involve membrane disruption by lipophilic compounds [14] . In addition, the minor components may also have a synergic effect with the other active major compounds [17] . Bornyl acetate being the major component of the H. rigens oil, besides its antimicrobial property, can also play an important role in the perfumery, flavor and fragrance industry.
The Minimum Inhibition Concentration (MIC) results are presented in Table IV . These results showed a positive correlation with those from the zone of inhibition studies. The MIC results also suggest that the oil has a stronger inhibition activity against Gram-positive than Gram-negative bacteria.
This high resistance among Gram-negative bacteria is due to the difference in the cell membrane of this bacterial group. The external membrane of Gram-negative bacteria renders their surfaces highly hydrophilic, whereas the lipophilic ends of the lipoteichoic acids of the membrane of Gram-positive bacteria may facilitate penetration by hydrophobic compounds [18] . These results reported here, confirm the importance of the correlation between the chemical content of the oils and the antibacterial activities. Therefore it can be construed that, the above preliminary screening of the oil allowed us to identify the compounds in the oil and also establish its antimicrobial potential. Isolation of essential Oil: Dried seeds were powdered using an electric blender and subjected to hydrodistillation for 5 hours in a Clevenger's apparatus and oils were collected. The oil was separated from water and dried over anhydrous sodium sulphate and stored in sealed glass vials till top at 4C.
Experimental

Determination of physical characteristics:
Density was determined by pyncometer according to AOAC official methods 920.212 at 25C [19] . Refractive index was determined using Abbe's refractometer according to AOAC official methods 921.08 at 25C [19] . The measurements were repeated three times each with four replicates.
Determination of Chemical characteristics:
Acid value, iodine value and saponification value were determined following AOAC official methods as 969.17, 920.185 and 920.160, respectively [19] . These determinations were carried out thrice each with four replicates.
GC/FID analysis: GC analysis was carried out using Agilent 6890 GC equipped with a flame ionization detector. The chromatographic column used for analysis was HP-5 capillary column (30 m x 0.32 mm X 0.25 μm film thickness). Nitrogen was the carrier gas at 1 mL/min flow rate. The column temperature program was: 50ºC (2 min) to 300 ºC (15 min) at 5ºC/min ramp rate. The injector and the detector temperatures were 230ºC and 280ºC, respectively. 2 µL essential oil dissolved in n-hexane was injected with a splitless mode. Retention indices were generated with a standard solution of n-alkanes (C 7 -C 40 ). Peak areas and retention times were measured by an electronic integrator. The relative amounts of individual compounds were computed from GC peak areas without FID response factor correction.
GC/MS analysis:
GC/MS analysis was performed on Agilent GCMS-5975 apparatus using a HP-5 column (30 m x 250µm x 0.25 m). The carrier gas was He at a flow rate of 1.4 mL/min. Oven temperature was programmed from 50C to 280C at 4ºC/min and 280C (10 min). The injection port was set at 280C. MS operating parameters: Interface temperature 260C, electron impact ionization at 70 eV, ionization temperature of 230C and with scan mass range of 40-400 m/z at a sampling rate of 1.0 scan/s.
Identification of compounds:
The compounds were identified by comparing retention index and mass spectra with the MS literature data [20] , NIST and WILEY libraries. Retention indices were calculated using a homologous series of n-alkanes (C 7 -C 40 ).
Antimicrobial assay: Antimicrobial activity of the oil was determined using disk diffusion method [21] , against a panel of micro-organisms, which includes three Gram-positive bacteria: Staphylococcus aureus ATCC25923, S. aureus NCIM5022, Bacillus subtillis NCIM2480 and four Gram-negative bacteria: Escherichia coli ATCC 25922, E. coli NCIM2931, Klebsiella pneumoniae NCIM2957 and Pseudomonas aeruginosa ATCC 227853; The oils have been tested against the pure cultures of Salmonella typhi and S. abony.
The culture medium used for the assay was Mueller-Hinton agar medium at pH 7.2. The agar medium was poured into the plates to a uniform depth of 5 mm and allowed to solidify. Suspensions adjusted to 0.5 Mc Farland was streaked over the surface of media using a sterile glass spreader to ensure the confluent growth of the organism. Whatman no.l filter paper discs of 6 mm size were then aseptically applied to the surface of the agar plates at well-spaced intervals. Aliquots 18 µL of oil were impregnated onto the discs. These plates were incubated at 37°C for 24 h and growth inhibition zones were measured. Control discs Gentamicin at 10 µg/disc were used as positive control for bacteria, alongside the test discs in each experiment. The antibacterial activity was recorded as the radial extent of the area cleared of bacterial growth around the well. The test was carried out thrice in triplicate.
The Minimal inhibitory concentration (MIC) values were determined by agar dilution method [21] . Different aliquots of test oil were added aseptically to molten Muller-Hinton agar (0.5% tween-20) to prepare agar containing 0.56, 1.125, 2.25, 4.5, 9, 18, 36 mg/mL. The resulting agar solutions were vortexed for 15 seconds or until completely dispersed, immediately poured into sterile petri dishes and allowed to set for 30 minutes. Similarly Gentamicin was used as positive control at concentration ranging from 0.0625, 0.125, 0.25, 0.5, 1, 2, 4, 8, 16, 32 µg/mL. The plates were then inoculated with multipoint inoculator to transfer the desired test organisms (1 μL) from the prepared inoculums (0.5 Mc Farland) onto the plates. Inoculated plates were left until the inoculum had set and then incubated at 37C for 24 hours. Following the incubation period, the plates were observed and recorded for presence or absence of growth. From the results, the MIC was recorded as the lowest concentration of oil where absence of growth was observed.
